The fresh gas flow requirements of the Preferential Flow System have been compared with those of the Magill system in spontaneously breathing volunteers and found to be similar. A lower resistance to expiration was found with the Preferential Flow System and the effectiveness of the valveless method of flow direction was demonstrated.
The virtue of the Magill (Mapleson A) anaesthetic system with its low resistance to gas flow and its economy of fresh gases in spontaneously breathing patients is well established (Mapleson, 1954; Kain and Nunn, 1968; Norman, Adams and Sykes, 1968; Sykes, 1968; Conway et al., 1976) . The Mapleson D (Bain Modification) system with the expiratory control valve situated remote from the patient and its economy of fresh gas flow with controlled ventilation is useful in many situations (Bain and Spoerel, 1972; Conway, Seeley and Barnes, 1977) . In 1961 Waters first described a universal system combining the advantages of the Mapleson A and D systems and many other combinations have been considered since (Ungerer and le Roux, 1978) ; Manicom and Schoonbee, 1979) . All anaesthetic systems described to date require expiratory valves or some variable adjustment with the exception of the Mapleson E (T-piece). However, T systems (Mapleson D, E and F) require a fresh gas flow two to three times the patient's minute volume to prevent the rebreathing of alveolar gases-as has been demonstrated in the case of the Mapleson D and F systems (Mapleson, 1954; Wallis, Pender and Mapleson, 1975; Conway, Seeley and Barnes, 1977) .
The Preferential Flow System (PFS) (Miller, 1979) introduced a new concept in tubular rebreathing systems for anaesthetic use ( fig. 1 ). This sys-The T-piece arrangement is comprised of two hollow tubular structures, a body member and a flow directing jet ( fig. 2) .
The body member comprises a standard 22-mm outside diameter (o.d.) male taper and 19 mmi.d. at the patient end. The machine end of the body member comprises a 20 mm o.d., 17 mm i.d. tubular attachment for the inner tube. This projects 23 mm beyond the co-axially arranged facility for outer tube attachment, 31.5 mm o.d. Three 8-mm ports radially arranged in the centre of the body member allow for gaseous communication between the inner and outer tube compartments.
The dimensions of the flow directing jet comprise a 19-mm o.d. male taper, 15 mm i.d. at the patient end for inserting firmly into the patient end of the body member. The size of the machine end of the jet is 9 mm i.d., 10mm o.d. This projects beyond the radially arranged ports and into the inner tube attachment on the body member.
The apparatus is designed to achieve a direction of gas flow by a mechanism different from that when valves are used. Preferential flow is the term used to describe this mechanism and to distinguish it from other means of directing flow. In the Mag ill system, for example, flow is directed during the early phase of inspiration into the fresh gas supply tube by the Heidbrink valve which remains closed until such time as the pressure within the system has increased sufficiently to open the valve. This occurs when the reservoir bag is fully distended. In the PFS expirate is directed preferentially into the inner fresh gas supply tube by means of a flow-directing jet and the co-axial tubular arrangement. Ventilatory deadspace gas is thereby preserved in the fresh gas supply tube as in the Magill System, thus achieving the selective elimination of alveolar gas. In the PFS the redirection of the expired gas into the outer expiratory tube occurs well before full distension of the reservoir bag, indicating a low pressure system. Thus the kinetic energy of expired moving gas particles is used in the PFS to direct gas flow as opposed to the opening pressure characteristics of the Heidbrink valve.
During inspiration the tendency for the reservoir bag to collapse, the lower resistance to gas flow in the inner tube compared with the outer tube and the T-piece arrangement, all favour the preferential drawing in of gas from the inner tube.
The work presented here studies the PFS in three sections. First, the fresh gas flow requirements of the PFS and Magill systems are compared. Second, the resistance in the PFS is assessed by both laboratory and clinical methods. Third, the effectiveness of the principle of preferential flow is demonstrated.
MATERIALS AND METHODS

Fresh gas flow requirements
The study was performed on five volunteer anaesthetists while they rested on a bed in the laboratory. Each volunteer was attached to the PFS and the Magill system in turn by a mouthpiece and wore a nose-clip. Piped air supplied through a calibrated rotameter was used as the fresh gas. A Wright's electronic respirometer (Medishield) was inserted into the system between the mouth-piece and the patient end of the circuit.
Carbon dioxide concentrations at the mouth were monitored continuously by means of a rapid reading infra-red analyser (Cavitron Neonatal PM 20NR) at a sampling rate of 80 ml min" 1 . The fresh gas flow was initially set at a value considerably higher than the subject's ventilation (at 15 litre min ~')-Following a period of acclimatization, when a steady state had been maintained for at least 3min, readings were taken. The fresh gas flow was then decreased in steps every 5-10 min, initially by 2 litre min" 1 then by 1 litre min" 1 as flows approached the subject's ventilation. The ventilation and the inspiratory and expiratory carbon dioxide concentrations were recorded at each flow rate. Three subjects ventilated through the Magill system first and after a 20-min break the experiment was repeated with the PFS. Two subjects ventilated in the reverse order. The experiments were conducted at an altitude of 1280 m.
Rebreathing was considered to occur when an increase of at least 10% in the minute volume occurred, provided there was no accompanying decrease in the end-expiratory carbon dioxide concentrations, and by the continuous presence of carbon dioxide in the inspired gas.
Resistance
The resistance at various flow rates was measured. The pressure decrease which developed across the inner and outer tube compartments was measured when known steady flows were passed through the tubes. Gas from a calibrated rotameter was passed into the system from the patient end through a wide-bore tube with a side-arm to which was attached a simple water manometer. The Boyle machine end of the system was unattached and open to the atmosphere.
The pressures recorded by the water manometer in the wide-bore tube with a side-arm are a measure of the difference between atmospheric pressure and the pressure which develops in the patient end of the system at the specified flow rates. By occlusion of the inner and outer tubes in turn the pressure decrease across the expiratory and inspiratory tubes was measured. Pressure measurements were also recorded on two anaesthetized patients undergoing cystoscopy using the Magill and PF Systems. These pressures were recorded from under the face-mask when the breathing pattern of the patients had stabilized. An appropriately damped pressure transducer (Statham PM5), a bridge amplifier and pen recorder were used to record the pressures. The transducer was calibrated using a water manometer. Six different Heidbrink valves were used in the pressure recordings.
Assessment of preferential flow during inspiration
As there is no unidirectional flow control valve in the PFS it is possible for expired gas to be drawn into the fresh gas stream during inspiration if the fresh gas flow is decreased sufficiently. To study the effectiveness of flow direction during inspiration the volume of gas drawn in from the expiratory tube during inspiration was measured with different rates of fresh gas supply. A graduated glass tube 2.5 cm in diameter was attached to the expiratory port of the PFS and a smoke marker introduced through the side arm of a T-junction. By this means the volume of gas drawn in during inspiration could be measured by direct vision to the nearest 10ml. The investigation was conducted on two anaesthetized patients both of whom weighed 60 kg. The indrawing of smoke into the expiratory port during the inspiratory phase with fresh gas flows of 4.0litremin" 1 , S.Slitremin" 1 and 3.0 litre min" 1 was studied.
RESULTS
Fresh gas flow requirements
The resting ventilation (V^nu^) of all five subshown in table I. The results for subjects 5 and 2 are shown graphically in figure 3.
The resting ventilation ( VEmhw) of all five subjects with each system was taken as the average of the readings recorded on the Wright's respirometer when the fresh gas flow exceeded the subjects' minute ventilation (table I) . The mean resting ventilation (Vtinna) was 6.9 litre min" 1 with the PFS and 7.8 litre min" 1 with the Magill system. The fresh gas flow rate at which rebreathing commenced ( VF) was 5.0 litre min 1 in the PFS and 5.2 litre min" 1 in the Magill system (table I). As in a similar study by Norman, Adams and Sykes (1968) the increase in minute volume appeared to be the most sensitive device for detecting rebreathing.
Resistance
The results are shown in figure 4 for the experimental model and in table II for measurements on patients. The numbers 1 to 6 represent the resistance of six different Heidbrink valves used on two patients using a Magill system. Valves number 1,3,4 and 6 were taken from anaesthetic machines in current use; number 5 was a previously unused hooded (anti-pollution) valve and number 2 was an unused non-hooded valve.
Assessment of preferential flow during inspiration
With a fresh gas flow of 4.0 litre min" 1 no smoke was drawn into the expiratory port of the PFS in either of the two patients. On decreasing the fresh gas flow to 3.5 litre min"' 20 ml and 30 ml of smoke was drawn into the expiratory port and at S.Olitremin" 1 40ml and 50ml of smoke was drawn into the expiratory port during inspiration. 
DISCUSSION
The results obtained in this study of the fresh gas flow requirements of the Magill system agree quite well with those obtained in studies by Kain and Nunn (1968) , Norman, Adams and Sykes (1968) and Conway and co-workers (1976) . This study shows that fresh gas flows of 66% of the ventilation in the Magill system and 73% in the PF system are required to prevent the rebreathing of alveolar gas. This difference is not statistically significant. The present study compared one anaesthetic breathing system with another, using the same subject, rotameter and measuring devices and the deadspace of the Wright's respirometer was common to each system tested. The devices were behind the sight line of the subjects who were unable to see any of the measurements and were initially unaware which system was being tested. The tell-tale sound of the escaping gas from the Heidbrink valve did serve to distinguish between the two systems and each sub- ject commented that he was conscious of an increased effort being required to breathe out against the Magill system. As the results for the Magill system are similar to those of other workers it must be assumed that the results for the PFS are valid and can stand comparison. The results show that the fresh gas flow requirements of the PFS to prevent the rebreathing of alveolar air in spontaneously breathing subjects is slightly, but not significantly, less than that of the Magill system. It may also be noted that the ratio VF/ VE was smaller in the Magill system than the PF system. This is because of the larger resting minute volumes of ventilation and the difference between these two ratios is also not significant. Resistance of the Heidbrink valve is determined by the spring tension. The resistance of the valve would appear to stimulate the patient to breathe with greater effort. Consequently, slightly smaller end-expiratory carbon dioxide concentrations and larger measurements of resting ventilation were recorded with the Magill system throughout the investigation. This accords with the comments by each subject that he was conscious of an increased effort required with one of the systems, which proved to be the Magill system on each occasion. The pressure studies during anaesthesia showed a lower resistance to expiration with the PFS than with the Magill system and this would agree with the comments of the subjects.
The pressure readings shown in table II indicate the variation in resistance encountered when using Heidbrink valves. Very similar observations have been made by Mushin and Mapleson (1954) . As there are no moving parts in the PFS a more predictable resistance is expected than that in a system with valves.
The resistance of the inner tube of the PFS alone without the flow directing jet is represented by the lowest line in figure 4 (tracing 1) and is negligible. Tracing 2 represents the resistance of the inner tube using the 9-mm diameter flow directing jet and indicates the resistance most likely to be encountered during the initial peak flow of expiration. This is further substantiated by the synchronous pressure -carbon dioxide tracing in figure 5 .
The carbon dioxide trace serves to indicate the expiratory phase. Peak flow during expiration ( fig. 5 ) occurs early and is buffered by the inner tube and reservoir bag. The secondary and tertiary peaks probably represent redirection of the expired gas through the outer tube compartment. Tracing number 3 ( fig. 4 ) represents resistance to gas flow through the jet and outer tube compartment. Tracing number 4 represents the acceptable upper limit for circuit resistance as suggested by Nunn (1977) and it can be seen that the resistance of the PFS is well within the acceptable range of resistance. The study using the smoke marker demonstrates the effectiveness of the preferential drawing in of fresh gas from the inner tube during the inspiratory phase with fresh gas flow of 70 ml kg" 1 min" 1 , which is the recommended flow rate for the Magill system.
In conclusion, this study shows that the valveless Preferential Flow system compares favourably with the Magill system with regard to fresh gas flow requirements in spontaneously breathing patients, and in resistance measurements. Valve mechanisms can become faulty for many reasons and the opening pressure of valves can vary considerably. The PFS, being valveless, has many advantages over the Mapleson A system and its modifications.
